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ABSTRACT 
This study presents geomorphological, paleoenvironmental, and archaeological data from the 
upland upper Susitna River basin in the central Alaska Range. The goal of this study is to 
establish the landscape history and record of human use of the study area and test regional 
land-use models. The results indicate that the upper Susitna was first occupied in the early 
Holocene at least 2000 years after the end of full-glacial conditions and 1000 years after 
evidence of landscape recovery. Early Holocene land use consisted of short-term task-specific 
camps occupied by highly-mobile groups on logistical forays. Upland land use intensified in the 
middle and late Holocene after modern vegetation patterns were established; during this time 
hunter-gatherers occupied both residential and task-specific camps in the study area in a 
logistical land-use system. These results support a shift in land use in the early Holocene to 
include upland landscapes and intensification of upland landscape use in the late-middle 
Holocene. A shift in residential base camp location in the late Holocene may be tied to changing 
subsistence activities. There is evidence for a hiatus in human occupation following Holocene 
tephra fall, but it is unclear whether this was related to tephra deposition or broader climate 
instability.  
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INTRODUCTION 
Upland landscapes can be significantly impacted by ecological change, both long-term changes 
in the Earth’s climate and punctuated ecological change from catastrophic events (Beniston 
2003; Crisafulli, Swanson & Dale 2005). Archaeological research typically focuses on 
understanding human adaptive response to long-term ecological change; however, equally 
important is investigating human response to punctuated environmental change (Grattan & 
Torrence 2007). The central Alaska Range has been occupied since the terminal Pleistocene 
and thus offers a unique opportunity to investigate diachronic human response to environmental 
change in an upland setting (Blong 2018). Both long and short-term ecological change may 
have influenced human use of upland landscapes in the central Alaska Range, but establishing 
how and when this happened requires consideration of multiple lines of archaeological and 
paleoenvironmental evidence that is currently lacking. 
More than 50 archaeological components dating to the late Pleistocene (LP) and early 
Holocene (EH) have been documented in central Alaska, but few of these are located in the 
interior Alaska Range (Potter 2008a, 2008c; Blong 2018; Wygal 2018). The earliest evidence for 
human occupation of the interior Alaska Range is at Teklanika West (12,900 cal yr B.P.), 
Eroadaway (12,750 cal yr B.P.), and Bull River II (12,460 cal yr B.P.) (; Wygal 2010; Coffman & 
Potter 2011; Holmes, Reuther, Adams, Bowers & Little 2018), and there is comparatively little 
evidence for sustained human use of the central Alaska Range until the early-mid Holocene 
(Potter 2008a). At this time, there is evidence for a shift to a logistically-mobile settlement 
system including increased use of seasonally available upland resources like caribou (Rangifer 
tarandus) and fish, possibly driven by spreading lowland boreal forest (Esdale 2008; Mason and 
Bigelow 2008; Potter 2008b, Potter 2008c). The ethnographic and ethnohistoric record indicates 
that late prehistoric Athabascan groups in the region had a seasonal subsistence round 
consisting of summer/fall hunting and gathering in the central Alaska Range and more 
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permanent winter camps in lowland valleys (de Laguna & MacClelland 1981; Hosley 1981; 
McKennan 1981; Townsend 1981; Reckord 1983).  
The low frequency and ephemeral nature of LP/EH archaeological sites in the Alaska 
Range has been argued to represent a residentially mobile LP/EH land-use system primarily 
focused in the lowlands of the Tanana River basin and foothills of the Nenana River basin 
(Potter 2008a, Potter 2008b; Potter et al. 2013). However, despite low archaeological visibility, 
there is evidence that hunter gatherers procured upland resources in the Alaska Range as 
highly mobile, logistically-oriented groups spread through the Alaska Range and into southern 
Alaska during the Younger Dryas and early Holocene (Mason, Bowers & Hopkins 2001; Graf & 
Bigelow 2011; Potter, Holmes, and Yesner 2013; Guthrie 2017; Blong 2018; Wygal 2018). 
Supporting early use of the uplands, lithic raw material sourcing studies indicate that some lithic 
raw materials found at lowland LP/EH archaeological sites were likely procured from upland 
sources (Reuther, Slobodina, Rasic, Cook & Speakman 2011; Coffman and Rasic 2015). 
Current syntheses of land use in Alaska often do not take into account human response 
to punctuated ecological change from regional volcanic eruptions. Many studies in Alaska 
suggest that volcanic eruptions had a negative impact on fauna and flora and may have 
subsequently affected human land-use patterns and demography (Dumond 2004; VanderHoek 
& Nelson 2007; VanderHoek 2009; Mullen 2012; Mulliken 2016). There is evidence for several 
significant Holocene tephra falls across southcentral Alaska and the central Alaska Range 
(Wallace, Coombs, Hayden & Waythomas 2014; Davies, Jensen, Froese & Wallace 2016). 
Relevant to this study there are three regionally identified tephras informally named the Devil 
(deposited 1625–1825 cal yr B.P.), Watana (deposited 3360–4400 cal yr B.P.), and Oshetna 
(deposited 6570–7970 cal yr B.P.) tephras, distinguished in the field using color, texture, and 
relative stratigraphic positioning (Dixon, Smith, Andrefsky, Saleeby, and Utermohle 1985; Dilley 
1988; Dixon and Smith 1990; Mulliken 2016).  
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Current models of land use in the central Alaska Range leave many questions 
unanswered. Did LP/EH hunter-gatherers rely on upland resources? Is there a regional shift to 
increased logistical use of the uplands in the middle Holocene (MH)? What was the nature of 
upland use throughout prehistory—was it occasional/seasonal hunting forays or more 
permanent settlements? What impact did tephra fall have on upland land-use patterns? 
Addressing the validity of landscape-use models requires a regional approach incorporating 
evidence of prehistoric landscape use from both the lowlands and uplands. Most of the 
archaeological evidence we have at hand comes from long-term research programs in the 
Tanana and Nenana lowlands and foothills (Holmes 2001; Potter et al. 2013; Powers, Guthrie & 
Hoffecker 2017), while in the uplands of the Alaska Range, few sites have been well 
documented (but see Wygal 2010; Coffman 2011). To fully evaluate land-use models, more 
upland sites need to be documented. This research is part of the Alaska Range Uplands Project 
focused on geomorphological, paleoenvironmental, and archaeological research in the uplands 
of the central Alaska Range to address questions about upland land use and environments in 
prehistory.  
The uplands of the upper Susitna River basin in the central Alaska Range (Figure 1) play 
an important role in understanding changes in human land-use patterns in response to both 
long- and short-term ecological change. The upper Susitna transitioned from full-glacial 
conditions in the terminal Pleistocene to a productive Holocene ecosystem, and experienced 
several periods of Holocene tephra fall (Begét, Reger, Pinney, Gillispie, & Campbell 1991; 
Dortch, Owen, Caffee, Li & Lowell 2010). This study presents geomorphic and archaeological 
data from the upper Susitna basin to reconstruct landscape change and human use of the upper 
Susitna basin, to assess when and how prehistoric humans used this landscape, and how 
human use of the study area changed in response to LP and Holocene ecological change. This 
data is compared to regional landscape history and human land-use models to assess 
prehistoric human use of the central Alaska Range.   
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STUDY AREA 
The upper Susitna River Basin lies on the southern flank of the central Alaska Range within the 
upland Alaska Range Ecoregion (ARE) (Nowacki, Spencer, Fleming, Brock, & Jorgenson 2001) 
(Figure 2). During the Last Glacial Maximum glaciers flowed south from the Alaska Range 
through the Susitna basin as far as the Hatchet Lake moraine—and possibly as far south as the 
confluence of the Susitna and Tyone rivers—completely covering the current study area (Smith 
1981; Thorson, Dixon, Smith & Batten 1981; Woodward-Clyde 1982; Reger & Bundtzen 1990). 
Beryllium-10 surface exposure dating on glacial erratics in the upper Susitna basin indicate that 
the final significant phase of glaciation receded towards the present-day Nenana and West Fork 
glaciers 13–14 ka during the Bølling-Allerød interstadial (Dortch et al. 2010). This correlates with 
the regional Alaska Range and Copper Basin records indicating the end of full glacial conditions 
by 14 ka BP (Kaufman & Manley 2004). Following termination of full-glacial conditions, glacial 
ice receded rapidly from the study area, likely leaving hummocky ice disintegration deposits in 
topographically low areas (Woodward-Clyde 1982). A less extensive Younger Dryas readvance 
was primarily confined to upper mountain valleys but filled some valleys in the southern 
Clearwater Mountains to the edge of the Susitna River valley bottom; during this time the West 
Fork Susitna and Susitna glaciers re-advanced, possibly as far south as the confluence of the 
West Fork Susitna and Susitna rivers (Coulter et al. 1965; Smith 1981; Briner & Kaufman 2008; 
Barclay, Wiles, & Calkin 2009). 
The upper Susitna basin study area includes peaks as high as 1900 masl in the 
Clearwater Mountains, with kettle and kame topography, channeled glacial outwash, and 
braided floodplains in the valley bottom (Kachadoorian, Hopkins & Nichols 1954; Wahrhaftig 
1965). Unconsolidated Quaternary glacial drift deposits cover ground surfaces below 1000 masl 
(Smith 1981; Smith, Albanese and Kline 1988). Vegetation in the study area consists primarily 
of Betula shrub tundra, with Picea sp. and Populus sp. trees in the valley bottom, and 
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herbaceous alpine tundra in upper elevations. The paleovegetation record for the upper Susitna 
study area does not extend further back than the early Holocene but suggests that modern 
vegetation patterns were established by 7600 cal yr B.P. (Rohr 2001; Blong 2016:53). 
Palynological research in the adjacent middle Susitna River basin indicates shrub birch tundra 
vegetation on the landscape from 12,000–14,000 cal yr B.P., followed by an expansion of 
Populus sp. between 9000–12,000 cal yr B.P. to an elevation of 870 masl, then expansion of 
Picea sp. and establishment of modern vegetation patterns by 6000 cal yr B.P. (Bigelow, 
Reuther, Wooler & Wallace 2015).  
Previous archaeological investigations in the study area focused primarily on cultural 
resource management and there has been little research-oriented archaeological investigation 
(VanderHoek 2011). Two exceptions to this are investigations at the Ratekin site (HEA-187) 
(Skarland & Keim 1958) and Butte Lake (HEA-189) (Betts 1987; Wendt 2013). The most 
significant archaeological research in the broader region was the Susitna Hydroelectric project 
which documented more than 350 archaeological sites between 1978 and 1985 and again 
between 2012 and 2014 in the middle Susitna basin (Dixon et al. 1985; Dilley 1988; Dixon & 
Smith 1990; Northern Land Use Research Alaska LLC et al. 2014). 
 
METHODS 
Archaeological fieldwork conducted for this study consisted of two parts: archaeological survey 
and test excavation. Survey consisted of non-random surface survey and shovel testing on a 
variety of landforms in different settings throughout the upper Susitna study area, focusing on 
high-probability locations (e.g., Hoffecker 1988) and erosional exposures. Test excavations (50 
cm2 or 1 m2) were placed on landforms with low surface visibility and at archaeological sites 
identified during survey. Sediments and stratigraphy were documented following Birkeland 
(1999). Bulk sediment samples were collected from stratigraphic profiles for laboratory analysis. 
To establish the chronology of upland landscape use, charcoal samples associated with 
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archaeological materials were collected for AMS 14C dating, and tephra samples were collected 
to establish a tephrochronology and assign relative age ranges to all archaeological material. 
Radiocarbon dates were calibrated using OxCal V4.2 with IntCal13 calibration (Reimer et al. 
2013). Loss-on-ignition (LOI) sediment analysis methods followed standard procedures (Stein 
1984; Holliday 2004; Wang, Li, & Wang 2011). Sediment samples were air dried, then screened 
through 2-mm screen to remove intrusive roots and large gravel. Five-gram subsamples were 
heated at 500°C for two hours then weighed to the 0.01 g. The percent organic carbon in the 
samples was calculated following Stein (1984).  
For each cultural component, lithic artifact density (LAD)—the number of lithic artifacts 
recovered per 50 cm2 excavated—was calculated as a proxy measure of occupation intensity. 
There is a strong correlation between the length of stay at a site and the density of lithic 
accumulation (Barton and Riel-Salvatore 2014), and LAD has been used effectively to 
characterize human behavior on a landscape scale (Bamforth 1986; Clark and Barton 2017; 
Clarkson 2008). LAD is combined with faunal data, presence/type of cultural features, and site 
density by time period to assess occupation intensity over time. Sites were designated as either 
residential camp or task-specific site types (following Binford 1980) based on LAD, frequency of 
faunal material recovered, and presence/type of cultural features. Residential camps are 
occupied by larger groups and are the central location of subsistence processing activities and 
manufacture and maintenance. As such, residential sites are expected to have denser deposits 
of lithic and faunal material and cultural features suggesting more intensive subsistence activity. 
Task-specific sites are occupied by smaller groups and serve as the location of specific 
subsistence activities; these sites typically have less dense lithic and faunal accumulations and 
few, if any, significant cultural features (Binford 1980; Kelly 2013). Task-specific sites are 
characteristic of a logistical mobility land-use system, characterized by the movement of 
individuals or small groups to and from a residential location to the location of specific 
resources. This contrasts with a residential mobility land-use system, characterized by 
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movement of the entire family group from one location to another (Binford 1977, 1978, 1980). 
Forthcoming lithic assemblage analyses will explore occupation intensity and site function in 
more detail (see also Blong 2016). There are caveats to this approach; lithic and faunal 
assemblages from some sites are relatively small, and the limited testing conducted at some 
sites may not have captured all aspects of behavior in each component. Nevertheless, this 
study can still provide baseline proxy data for understanding past land-use patterns that can be 
explored with more detailed faunal and lithic analyses and further excavation. 
 
RESULTS 
From the period of 2010–2012 the Alaska Range Uplands Project documented 28 previously 
unrecorded archaeological sites in the upper Susitna study area. We conducted test 
excavations at 14 of these sites and recovered cultural material from primary subsurface 
contexts at 12 of these. In addition, we conducted test excavations at two previously recorded 
sites (HEA-234 and HEA-235). During test excavation we observed three tephra horizons 
correlated in the field to the regionally recognized Devil, Watana, and Oshetna tephras based 
on color, weathering characteristics, texture, and relative stratigraphic positioning (Dilley 1988; 
Dixon & Smith 1990; Mulliken 2016). Electron probe microanalysis of Devil, Watana, and 
Oshetna tephra samples supports these field correlations (Blong 2016:133). Table 1 provides 
information on all archaeological sites recorded and tested during our fieldwork. The following 
sections present detailed descriptions of the most significant sites tested for this research. 
 
Susitna Dune 1 (HEA-454) 
Susitna Dune 1 is located on a large, linear, southwest-to-northeast trending sand dune 
overlooking Monahan Flat to the north and the Susitna River to the east. Round to sub-round 
cobbles erode out of the leeward side of the dune, suggesting it is a topographic dune formed 
on an esker formation. A typical profile consists of a modern O-A-EA-B-BC horizon sequence 
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developed silt and tephra sediments, underlain by a series of buried soil profiles developed on 
tephra and dune sand sediments (Figure 3, SOM 1). Tephras at the site correlated to the Devil, 
Watana, and Oshetna tephras. In addition, there is what appears to be a reworked tephra pre-
dating the Oshetna tephra (see below). Dune sands at the site are deep; one test unit reached 
220 cm below ground surface before encountering frozen sand. LOI analysis indicates that 
organic carbon (OC) is concentrated in the uppermost 20 cm of the profile, with peaks in the A 
and B horizons (SOM 2). 
Testing identified three cultural components. Component 3 (C3), the uppermost cultural 
component at the site, consists of 209 lithics (LAD 13.1/50 cm2) and approximately 316 
fragmented faunal remains primarily recovered from a silt loam A horizon and its contact with an 
underlying EA horizon formed on the Devil tephra. The C3 context also contained a small, 
shallow charcoal feature. Component 2 (C2) consists of 10 lithics (LAD of 0.6/50 cm2) in an 
A/Eb2 horizon distinguished by an increase in percent OC and a charcoal horizon with the 
appearance of in situ vegetation burn. Charcoal collected from the charcoal horizon yielded an 
AMS date of 6870 ± 30 14C yr B.P. (Table 2). Sediment sample 8 from the C2 A/Eb2 horizon 
was analyzed at 20-40x under a dissecting microscope and consists of 10-20% tephra and 80-
90% sand, suggesting it is a reworked tephra deposit (Gatti et al. 2013). This contrasts with 
sediment samples 6, 7, and 9, which have ~1% small, weathered pumice fragments suggesting 
they were translocated from overlying tephra horizons. 
Component 1 (C1) consists of four flakes (LAD 0.25/50 cm2) and more than 1490 highly 
fragmented faunal remains, primarily representing a highly degraded maxilla and tooth enamel 
fragments of a large Cervidae, probably wapiti (Cervus canadensis) or caribou  (Blong 2011). 
The C1 context is a Btb4 horizon comprised of lamellar bands (following Holliday 2004:112). 
This context follows a sloping dune bed, appearing 20 cm below C2 in Figure 3, but 90 cm 
below C2 in an adjacent test unit (Blong 2011). Dispersed charcoal recovered from the C1 
context yielded a date of 9620 ± 50 14C yr B.P. A single flake exhibiting a luster suggesting wind 
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abrasion was recovered from a mottled B2b2 sand horizon and associated with a dispersed 
charcoal date of 10,360 ± 60 14C yr B.P. This unit unconformably overlies bedded sand deposits 
and contains a layer of clasts ≥ 10 mm, suggesting it is an erosional blowout feature filled with 
sediment from an older context and the flake is in secondary context. Aeolian-redeposited 
charcoal and resulting errant stratigraphic dates have been noted elsewhere in central Alaska 
(Thorson 1990). The low density of lithic and faunal material and lack of significant cultural 
features at all three Susitna Dune 1 components suggests the site functioned as a task-specific 
camp throughout the Holocene, possibly linked to caribou or wapiti hunting activity. 
 
Susitna River 3 (HEA-455) 
Susitna River 3 is located on a prominent bedrock knoll overlooking Monahan Flat to the north 
and the Susitna River to the east. The site has a broad surface lithic scatter with concentrations 
of calcined faunal remains covering an area of ~200 m x 80 m, and primarily exposed in an off-
highway vehicle (OHV) trail. The stratigraphy at Susitna River 3 is shallower than on the Susitna 
dune; however, they have a similar stratigraphic sequence in the upper 30 cm of the profile 
(Figure 4). LOI analysis indicates that OC is concentrated in the upper 15 cm of the profile, with 
peaks in the A and B horizon.  
There are three cultural components at the site. Component 3 (C3) consists of ~160 
highly fragmented faunal remains and 1456 lithics (LAD 72.8/50 cm2) primarily recovered from 
an A horizon formed on the Devil tephra, but also from on top of the Watana tephra in areas 
where the upper portion of the profile had been disturbed by OHV activity, suggesting that C3 
may contain material from pre- and post-Devil tephra occupations. C3 contained a shallow, 
basin-shaped charcoal feature (Feature 1) overlying the Watana tephra; charcoal from Feature 
1 yielded an AMS date of 2370 ± 40 14C yr B.P.  
Component 2 (C2) consists of ~600 highly fragmented unidentifiable faunal remains 
(Mueller 2015) and 3433 lithics (LAD 171.7/50 cm2) primarily recovered from a charcoal-rich 
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paleosol at the contact of the Watana tephra and underlying Oshetna tephra. Dispersed 
charcoal from this paleosol yielded an AMS date of 4890 ± 35 14C yr B.P. C2 contained a large 
charcoal hearth feature with fire-cracked rock and a dense concentration of faunal remains and 
lithic artifacts, including three notched projectile-point fragments. Charcoal from this feature 
yielded an AMS date of 3740 ± 30 14C yr B.P. Diagnostic notched projectile points associated 
with C2 indicate this occupation falls within the Northern Archaic tradition (Esdale 2008). 
Component 1 (C1) consists of 706 lithics (LAD 35.3/50 cm2) and 5 highly fragmented faunal 
remains recovered from the contact of the Oshetna and underlying paleosol formed on gravelly 
sand regolith sediment. Dispersed charcoal from this context yielded an AMS date of 9320 ± 60 
14C yr B.P. The relatively low density of lithic and faunal material and lack of significant cultural 
features in C1 and C3 suggests the site functioned as a task-specific camp in the EH and LH. 
C2 has a high density of lithic and faunal material and cultural features indicating more intensive 
subsistence activity suggesting the site operated as a residential base camp in the MH. 
 
Butte Creek 1 (HEA-499) 
Butte Creek 1 is located on a long, northwest to southeast trending esker overlooking the Butte 
Creek drainage. The site has a broad surface lithic scatter with concentrations of calcined bone 
covering an area of ~200 m x 10 m, and primarily exposed in an OHV trail along the length of 
the esker. A typical profile at the site consists of an O-A-EA-B horizon sequence deposited on 
silt and tephra, underlain by a dense cultural feature at the contact of the Watana and Oshetna 
tephra (Figure 5). LOI analysis indicates that OC is concentrated in the uppermost 10 cm of the 
profile in the A, EA, and B horizons. 
Testing identified two cultural components. Component 2 (C2) consists of approximately 
3100 highly fragmented unidentifiable faunal remains (Mueller 2015) and 50 lithics (LAD 12.5/50 
cm2) in the A horizon and its contact with an EA horizon formed on the Devil tephra. Component 
1 (C1) consists of approximately 10,600 highly fragmented faunal remains (Mueller 2015) and 
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769 lithics (LAD 192.3/50 cm2), primarily from a dense charcoal feature (F1) and a very dense 
calcined bone and fire-cracked rock feature (F2) at the contact of the Watana and Oshetna 
tephras. Adjacent to F2 was a large stone that may have functioned as an anvil stone to fracture 
bone. Charcoal from F1 yielded an AMS date of 4060 ± 30 14C yr B.P.; charcoal from F2 yielded 
an AMS date of 4280 ± 25 14C yr B.P. Most of the C1 faunal material came from F1 and F2. 
Only 16 of the C1 faunal specimens were identifiable; eleven were identified as Class 
Mammalia, four specimens represent Order Artiodactyla, probably caribou, and one specimen 
was identified to Order Rodentia, probably North American beaver (Castor canadensis) (Mueller 
2015). The dense lithic and faunal remains and significant cultural features in C1 suggest that 
Butte Creek 1 operated as a residential base camp in the MH. The C2 occupation contains a 
high count of faunal material, but this count is inflated by the fact that these remains are highly 
fragmented. The low lithic artifact density and lack of cultural features suggests the site served 
as a task-specific camp in the LH.   
 
West Fork Susitna 1 (HEA-506) 
West Fork Susitna 1 sits on the northeastern edge of a glacial outwash landform overlooking the 
West Fork Susitna River to the east. A typical profile at the site consists of an O-A-EA-B-AEb1-
Bb1 horizon sequence formed on silt and tephra sediments (Figure 6). LOI analysis indicates 
that OC is concentrated in the upper 15 cm of the profile, with peaks in the EA and B horizons. 
There are two cultural components at the site. Component 2 (C2) consists of 65 lithics (LAD 
10.8/50 cm2) recovered primarily from the A horizon and its contact with the Devil tephra. 
Component 1 (C1) consists of nine lithics (LAD 1.5/50 cm2) recovered from an AEb1 horizon 
formed on the Oshetna tephra. Dispersed charcoal from the Component 1 context yielded an 
AMS date of 4510 ± 25 14C yr B.P. The low density of lithic and faunal artifacts and lack of 
cultural features suggests this site operated as a task-specific camp in the MH and LH.  
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Alpine Creek 8 (HEA-460) 
HEA-460 is located in an alpine setting on a slightly elevated moraine feature alongside a small 
tributary to Alpine Creek in the Clearwater Mountains. There is an abundance of knappable 
grayish-green fine-grained metavolcanic or tuffaceous argillite toolstone in pebble- to boulder-
size gravels throughout the Alpine Creek valley. The site has a broad surface lithic scatter 
primarily concentrated in a 50-m2 area. The stratigraphic profile at Alpine Creek 8 is a departure 
from the sequence observed at lower elevations, consisting of an A1-A2-Bg1-Bg2-Ab1-BC 
sequence formed on silt and reworked tephra sediments overlying glacial drift (Figure 7, SOM 
3). LOI analysis indicates higher OC content in the A1, A2 and Ab1 horizons. Sediment samples 
six through two were analyzed at 20-40x under a dissecting microscope; samples four, three, 
and two have abundant tephra pumice in them, while samples six and five have very little 
pumice. The presence of tephra pumice suggests that at least two of the tephras deposited at 
lower elevations in the study area were deposited at Alpine Creek 8 and subsequently 
reworked, one prior to the formation of the Ab1 horizon, and another prior to the formation of the 
modern A and B horizons. Cryoturbation features at the site include hummocks and frost 
heaving and there is significant artifact displacement through the profile.  
A total of 1306 lithic artifacts were recovered from the ground surface down into drift 
(LAD 130.6/50 cm2). The dominant toolstone in the assemblage is the locally available 
metavolcanic or tuffaceous argillite material. No charcoal was recovered in association with 
cultural material, so the occupation is undated. The majority of lithics were recovered from the 
silt A1 and A2 horizons above the reworked tephra horizon, and cultural material was clearly 
moving down the profile via cryoturbation action, so all cultural material at the site is 
provisionally assigned to C1. No significant cultural features were observed at Alpine Creek 8, 
and we did not recover any faunal material. However the lack of any charcoal associated with 
cultural material suggests that organic preservation is poor here, possibly linked to acidic upland 
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soils. The high density of lithic artifacts indicates more intensive activity at the site and suggests 
the site functioned as a residential base camp and also as a quarrying location.  
 
DISCUSSION 
Landscape History of the Upper Susitna River Basin 
The upper Susitna basin was significantly affected by a series of glacial advances and 
retractions until the last major phase of late Wisconsin glaciation retreated ~14 ka. Following 
deglaciation, there is evidence for a period of high-energy aeolian activity in the study area 
represented by formation of the Susitna dune. No other dunes were observed in the study area, 
although lower-elevation landforms in the vicinity of the dune were often blanketed with thin 
sand deposits. This suggests that post-glacial dune building was localized, constrained to 
specific topographic settings. The lack of buried soil horizons in the bedded LP/EH dune 
deposits suggests that aeolian activity outcompeted vegetation growth on the dune, possibly 
indicating sparse vegetation and exposed sediment sources in the study area at this time 
(Bigelow, Begét & Powers 1990).  
Charcoal collected from the Susitna dune suggests woody vegetation appeared on the 
landscape by 12,220 cal yr B.P., and Salix charcoal from Susitna River 3 C1 suggests the 
establishment of shrubby vegetation by 10,520 cal yr B.P. A radiocarbon date associated with 
the Cervid mandible fragments at Susitna Dune 1 indicates faunal resources were available by 
10,970 cal yr B.P. Several sites have weathering profiles on glacial drift suggesting landscape 
stability and vegetation growth following deglaciation, but the Susitna River 3 C1 paleosol date 
suggests this may not have happened until the EH. Basal peat dates of 9035 ± 335 14C yr BP 
(11,173-9469 cal yr B.P.) and 9195 ± 150 14C yr BP (9914–11,054 cal yr B.P.) collected nearby 
Boulder Creek and Snodgrass Lake suggest EH peat growth (Reger & Bundtzen 1990). EH 
peat growth in Alaska has been linked to high summer temperature and strong seasonality 
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(Jones and Yu 2010); these factors may also have encouraged vegetation growth and soil 
formation in the upper Susitna Basin.  
Research at the headwaters of the Susitna River indicates that silt and peat deposits 
nearby the West Fork and Susitna glaciers formed 7000–8000 cal yr B.P. (Personius et al. 
2010), hinting at a lag in landscape recovery in periglacial environments. It may be that 
persistent post-glacial ice disintegration deposits in the upper Susitna coupled with Younger 
Dryas glacial readvance to the West Fork Susitna River inhibited landscape recovery in some 
parts of the study area. Evidence for LP/EH dune growth outcompeting vegetation growth on the 
Susitna Dune also supports a localized lag in landscape recovery. 
There is no evidence for significant geomorphological change following post-glacial 
deposition of the Susitna dune and glacial drift deposits, and the primary mode of deposition at 
most test locations in the study area is tephra fall (Figure 8). There is evidence for a minor early 
MH tephra fall prior to deposition of the Oshetna tephra, but this is poorly understood with the 
current level of data. The A/Eb2 horizon capping this tephra horizon on the Susitna dune marks 
a period of dune stability, vegetation growth, and soil formation 7627–7788 cal yr B.P. Research 
in the middle Susitna basin also documented a sub-Oshetna paleosol associated with 
radiocarbon dates of 7240 ± 110 14C yr B.P. (7855–8324 cal yr B.P.) and 6970 ± 210 14C yr B.P. 
(7436–8199 cal yr B.P.) (Dixon et al. 1985; Dixon & Smith 1990). Lacustrine cores from 
Swampbuggy and Nutella lakes indicate lake formation occurred just prior to 6750 ± 130 14C yr 
B.P. (7423–7919 cal yr B.P.); the pollen record from these cores suggests that upper Susitna 
vegetation consisted of xeric/mesic shrub heath tundra to open forest-tundra with scattered 
spruce at this time (Rohr 2001). These data suggest a regional period of landscape stabilization, 
increased moisture, and vegetation growth ~7600–8000 cal yr B.P. Following this period of 
stability, there is a period of dune mobilization represented by aeolian sand deposits overlying 
the A/Eb2 at multiple locations on the dune. This sequence appears to be a regional signal; 
several profiles in the middle Susitna basin have aeolian sediment deposits capping a sub-
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Oshetna paleosol (Dixon et al. 1985; Dixon & Smith 1990), suggesting a regional period of 
instability/erosion and aeolian deposition after 7600 cal yr B.P.  
Deposition of the Oshetna tephra coincides with the end of dune building on the Susitna 
dune and represents the first widespread tephra identified in the study area. The Oshetna 
tephra exhibits as many as four glass geochemistry populations, and may represent multiple 
tephra falls presented as a single tephra horizon in most profiles (Blong 2016:142; Mulliken 
2016:135). The unidentified sub-Oshetna tephra on the Susitna Dune falls within the broad age 
range established for the Oshetna tephra (Mulliken 2016), and may actually be one of the 
Oshetna tephra falls distinguishable at this location because of the unique aeolian depositional 
setting (Blong 2016:142). The Oshetna tephra is typically capped by a charcoal-rich paleosol in 
the upper Susitna basin; radiocarbon dates associated with this paleosol indicate this marks a 
period of landscape stability and soil formation ~4100–5600 cal yr B.P. Picea, Salix, and Betula 
wood charcoal recovered from contexts dating to this period suggest that vegetation may have 
been very similar to that of today. Spruce growth in the Susitna valley bottom may have 
stabilized sediment sources supplying the Susitna dune resulting in the end of dune building, 
linking MH landscape stability with increasing spruce density reported for the study area 
approximately 5700 cal yr B.P. (Rohr 2001). A similar pattern of LP/EH aeolian aggradation 
followed by middle Holocene dune stabilization is reported in the Tanana basin, where it is 
linked with warming temperatures, an increase in effective moisture, and resulting spread of 
conifers (Bigelow 1997; Reuther et al. 2016).  
Paleosol formation in the period of time following deposition of the Oshetna tephra 
appears to be a regional signal. Research in the middle Susitna basin reports a ubiquitous, 
prominent paleosol formed on the Oshetna tephra and associated with radiocarbon dates 
ranging between 2900 and 5900 cal yr B.P. (Dilley 1988; Dixon and Smith 1990). In the Tangle 
Lakes, MH soil formation is documented at Whitmore Ridge (4000–6600 cal yr B.P.) and Phipps 
(8000–4300 cal yr B.P.) (West, Robinson & Curran 1996; West, Robinson & West 1996). A 
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prominent MH paleosol has also been documented on the northern flank of the Alaska Range, 
where it is associated with a date of 4700 cal yr B.P. in the Ewe Creek drainage (Blong and 
DiPietro 2014), and dates ranging between 3533–5646 cal yr B.P. in the Dry Creek drainage 
(Thorson & Hamilton 1977; Powers & Hoffecker 1989; Bigelow 1991).  
Dense charcoal associated with the Oshetna paleosol typically has the appearance of in-
situ root-mat burn, and is present at some locations on the Susitna dune with no associated 
cultural material, suggesting it is the result of a significant fire, or series of fires, affecting the 
study area during the MH. Research in the middle Susitna basin identified two MH spikes in 
charcoal production, one ~4770 cal yr B.P. and one ~3420 cal yr B.P. (Dilley 1988). A regional 
increase in forest fires in the MH has been linked to the emergence of fire-prone black spruce 
(Picea mariana) forests and seasonal-moisture variability (Lynch, Clark, Bigelow, Edwards, 
Finney 2002; Lynch, Hollis & Hu 2004). Rohr (2001) notes high spruce densities in the upper 
Susitna basin after 5000 cal yr B.P., supporting a link between fire frequency and spruce. 
Sometime between 2472 and 4089 cal yr B.P. the Watana tephra was deposited in the 
upper Susitna basin. The Watana tephra is consistently the thickest tephra deposit in the study 
area, and is typically heavily weathered into a distinct reddish-brown B horizon, often with a 
lower, less weathered, light-brown BC horizon. On the Susitna dune, the upper portion of the 
Watana tephra is weakly cemented into pebble-sized concretions. LOI analysis from all sites 
indicates that the upper weathered portion of the Watana tephra has a higher percent OC than 
adjacent horizons. An increase in percent OC could represent illuviated colloidal organic matter, 
and cementation could represent illuviation of aluminum and iron compounds to form a placic 
horizon, both characteristics of a spodic B horizon in a Spodosol (Soil Survey Staff 1999; 
Schaetzl & Anderson 2005). Most lithic artifacts recovered from subsurface contexts in the study 
area are stained brownish-black on one or more sides, offering additional support to the 
influence of intensely illuviated materials in the soil profile. Spodosols typically form in cool, 
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moist climate regimes like that of the upper Susitna basin, and are well documented elsewhere 
in southcentral Alaska (Dilley 1988; Ping, Shoji, Ito, Takahashi & Moore 1989). 
In the middle Susitna basin, the Watana tephra is reportedly comprised of two 
geochemically distinct horizons—an upper “oxidized” Watana and lower “unoxidized” Watana—
sometimes separated in the field by incipient A horizon development and associated cultural 
material (Dixon et al. 1985; Dixon and Smith 1990; Mulliken 2016). Geochemical and 
chronological analyses suggest that the Watana tephra is a distal manifestation of the Hayes 
tephra set H deposits documented nearby the Hayes Volcano (located in the Tordrillo 
Mountains 300 km southwest of the upper Susitna study area), and may actually be comprised 
of two separate Hayes set H tephra falls corresponding to the oxidized and unoxidized horizons 
(Wallace et al. 2014; Mulliken 2016). This study did not find evidence for multiple Watana units 
in the upper Susitna; the color differentiation used in the middle Susitna to differentiate separate 
beds in the Watana appears to represent post-depositional weathering in the upper Susitna 
basin. However, the heavy weathering profile associated with spodic B horizon development 
may have masked bedding characteristics or incipient A horizons within the Watana tephra, 
offering an alternative explanation for the increase in OC in the upper portion of the Watana 
tephra (Ito, Shoji, Shirato & Ono 1991). There are three closely-spaced tephras in a lacustrine 
core collected from Swampbuggy Lake bracketed by dates of 4869 ± 40 14C yr B.P. (5482–5710 
cal yr B.P.) and 3370 ± 45 14C yr B.P. (3479–3716 cal yr B.P.) (Rohr 2001), suggesting that 
there may be three Hayes set H eruptive products compressed into the Watana tephra in the 
upper Susitna basin. These studies indicate that more research is needed to better understand 
the link between the Watana tephra and Hayes tephra set H.   
The period of time after deposition of the Watana tephra and prior to the deposition of 
the Devil tephra is poorly represented in stratigraphic profiles from the upper Susitna basin. A 
shallow hearth feature at the contact of the Watana and Devil tephras at Susitna River 3 (dated 
to 2329–2682 cal yr B.P.) is the only chronological control we have for this period. There is no 
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significant sediment deposition during this time, even on the Susitna dune, suggesting overall 
landscape stability. However, the Watana tephra on the Susitna dune typically has a sandy 
loam texture, suggesting some post-depositional mixing or reworking, possibly by aeolian 
processes. There is no evidence for significant soil formation in-between the Watana and Devil 
tephras, but the contact between these two tephras is a heavily weathered and often concreted 
illuvial horizon, potentially masking evidence for incipient soil formation on top of the Watana 
tephra. Dilley (1988) reports a discontinuous buried A horizon—often weathered into an 
incipient Bhs horizon—at the contact of the Watana and Devil tephras in the middle Susitna 
basin, supporting this explanation. It may also be that the lack of significant soil formation on top 
of the Watana tephra (despite the ~1500 years before deposition of the Devil tephra) can be 
explained by large scale disruption of vegetation and overall low environmental productivity in 
the study area.  
The Devil tephra is the final tephra fall observed in the study area, deposited sometime 
after 2427 cal yr B.P. The upper portion of the Devil tephra typically contains organic material 
and charcoal indicating formation of an A horizon following deposition. In most testing locations 
there is a thin band of aeolian silt deposited on top of the Devil tephra, upon which the modern 
O/A horizons have developed. On the Susitna dune, the Devil tephra is thicker and has a sandy 
loam texture, suggesting it was reworked by aeolian activity following deposition. These 
characteristics suggest a period of increased aeolian sedimentation following deposition of the 
Devil tephra, possibly linked to cooling during the Little Ice Age (~70–770 cal yr B.P.) (Barclay et 
al. 2009).  
Correlating landscape change and soil development in alpine settings in the Clearwater 
Mountains (>1000 masl) with lower elevation sites in the shrub tundra zone is problematic. The 
distinct tephra horizons observed in lower elevations were not present at Alpine Creek 8; 
however, tephra pumice is mixed into lower strata at the site, suggesting that at least two of the 
tephra falls were deposited here. It is likely that alluvial or fluvial action—possibly correlated with 
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Holocene expansion and retraction of alpine glaciers (e.g., during the Neoglacial or Little Ice 
Age periods)—significantly reworked tephra and other sediments at Alpine Creek 8. While 
unexcavated, natural exposures at Windy Creek 1 (HEA-505; 1072 masl) in the next valley over 
from Alpine Creek indicate that tephra horizons were not preserved here either (Blong 
2016:126), suggesting that this may be the case throughout the Clearwater Mountains. Without 
radiocarbon dates any efforts to correlate soil horizons at Alpine Creek 8 with lower elevations is 
speculative; however, the Ab1 soil formed on reworked silt and tephra sediments may correlate 
with the prominent MH paleosol on the Oshetna tephra in lower elevations. Clearly, more work 
needs to be done in alpine settings to better understand the stratigraphic sequence here.  
There is evidence for geomorphic change associated with the Neoglacial Period 
(~2000–4000 cal yr B.P.) in the Susitna valley bottom, where a spruce log collected from the 
base of an 11-m section of sand and gravel at the confluence of Raft Creek and the Susitna 
River yielded a radiocarbon date of 2030 ± 400 14C yr B.P. (1181–3005 cal yr B.P.), and a log 
collected from a 5-m terrace of alluvial sand, silt, and gravel on the west bank of the Susitna 
River near its confluence with Clearwater Creek yielded a radiocarbon date of 2000 ± 200 14C yr 
B.P. (1422–2486 cal yr B.P.) (Rubin & Alexander 1960:166). These dates mark a period of 
strong alluviation of the Susitna River and its tributaries sometime after deposition the Watana 
tephra, possibly linked to glacial recession after Neoglacial re-advance in the Alaska Range 
(Rubin & Alexander 1960:166). This appears to be a regional signal; Mason and Begét (1991) 
report an interval of large floods in the Tanana basin between ~2000–3200 cal yr B.P., the 
result of increased storminess and higher precipitation tied to Neoglacial cooling. Aside from 
possible localized reworking of tephra deposits at Alpine Creek 8, the sites investigated for this 
study provide little evidence for significant geomorphic change associated with Neoglaciation 
(c.f., Barclay et al. 2009). However, Rohr (2001) notes lower lake productivity and higher spruce 
densities in the upper Susitna basin 1400–5000 cal yr B.P. linked to moist climate and cooler 
summer temperatures, indicating that the Neoglacial Period did affect hydrology and vegetation 
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in the study area. It appears that Neoglacial cooling may have caused lower overall productivity 
in the upper Susitna basin and brought intensive flooding in the Susitna valley bottom. 
The landscape history of the upper Susitna basin indicates that there is potential for 
cultural material buried by tephra fall in many upland settings in the central Alaska Range, and 
that there are specific depositional settings in the central Alaska Range with potential for deeply-
buried deposits (e.g. Susitna dune). This has important implications for the upland 
archaeological record because finding these locations will combat issues with typically 
undatable surface or near-surface archaeology in the uplands and sample bias in lowland 
versus upland settings. 
 
What is the sequence of archaeological site occupation through the Holocene? 
Much of the upper Susitna landscape tested for this research is characterized by long periods of 
landscape stability punctuated by periods of tephra deposition. It is likely that some of the 
archaeological sites presented here were reoccupied during periods of landscape stability. 
Despite this, there are patterns in lithic and faunal artifact density, presence/absence of cultural 
features, and site frequency that can be used to evaluate changes in human land use over time. 
Forthcoming lithic analyses will shed light on whether the densest sites reported here represent 
single or multiple occupations (e.g., Surovell 2009:99), and will provide more detailed 
information on site function. 
Humans appear to have first occupied the upper Susitna River basin at Susitna Dune 1 
C1 and Susitna River 3 C1 in the EH (10,520–10,970 cal yr B.P.) (Figure 9). Initial human use of 
the upper Susitna basin occurred 2000–3000 years after the end of full glacial conditions, and 
coincides with peat formation and paleosol formation on glacial drift and regolith sediments in 
the study area, suggesting a period of landscape stability and vegetation growth. Charcoal from 
woody plants, including willow, indicates available fuel resources. Cervidae faunal remains from 
Susitna Dune 1 C1 indicate the presence of large mammal subsistence resources. This was 
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also a time of active dune building on the Susitna dune, suggesting that portions of the 
landscape were still geomorphologically active, however, this does not appear to have affected 
overall ecological productivity. Pollen data from the middle Susitna basin indicates increased 
Populus sp. (cottonwood/aspen) vegetation here 9000–12,000 cal yr B.P., suggesting there may 
have been deciduous woodland in the upper Susitna basin at this time (Bigelow et al. 2015). 
However, Cervidae faunal remains and willow charcoal recovered from the upper Susitna 
suggest that shrub and herbaceous vegetation persisted here into the early Holocene. 
The EH archaeological record for the study area is relatively sparse. Lithic and faunal 
artifact density is lowest of all occupation periods in the EH, and no sites have significant 
cultural features. Susitna River 3 (C1) likely represents a task-specific site, and the C1 lithic 
assemblage suggests that EH occupants of the site entered the upper Susitna basin on a long-
distance logistical foray equipped with a lightweight, specialized lithic toolkit (Blong 2017). 
Susitna Dune 1 appears to reflect an ephemeral task-specific site. These data suggest that 
initial use of the study area consisted of short stays, possibly on logistical forays from outside of 
the study area. An EH occupation at Jay Creek Ridge (10,900–11,200 cal yr B.P.) in the middle 
Susitna basin overlaps temporally with the earliest occupation of the upper Susitna basin (Dixon 
et al. 1985; Dixon 1993; Reuther 2000, 2010). The timing and nature of the initial occupation of 
the upper and middle Susitna basins coincides with the documented spread of highly-mobile 
groups hunting caribou and sheep throughout the Alaska Range in the EH (Mason et al. 2001). 
These findings appear to contradict regional land-use models suggesting that EH land use 
consisted of residentially-mobile groups focusing subsistence activities in the lowlands (Graf 
and Bigelow 2011; Potter 2008a, 2008c). It appears that the initial pulse of occupation in the 
upper Susitna basin was followed by a period of sparse occupation in the late EH/early MH. 
This pattern has been observed elsewhere in central Alaska, possibly related to warming 
temperatures and resulting reduced availability of caribou (Mason et al. 2001).  
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Settlement of the upper Susitna basin appears to have lagged slightly behind the 
surrounding region. Initial YD settlement of the Alaska Range has been linked to the spread of 
mobile groups hunting bison, wapiti, and caribou linked with cooler and dryer conditions and 
increased grass and forb vegetation favorable for mobile herd animals (Graf & Bigelow 2011). 
Younger Dryas (YD) occupations have been documented at Eroadaway and Bull River II to the 
west and Phipps to the east of the study area (West, Robinson, and Curran 1996; Wygal 2010; 
Holmes et al. 2018). These YD sites are located along hypothesized travel routes taken by early 
settlers moving from Interior Alaska through the Alaska Range into southcentral Alaska (e.g., 
Broad Pass, Delta River) (Yesner 2001; Wygal and Goebel 2012). It may be that settlement of 
the upper and middle Susitna basin occurred from populations based at Broad Pass or the 
Tangle Lakes.  
 The MH archaeological record for the study area is notably more substantial than the 
EH. This study found evidence for MH occupation at five sites, Susitna Dune 1 (C2), Susitna 
Dune 4 (C2), Susitna River 3 (C2), Butte Creek 1 (C1), and West Fork Susitna 1 (C1). 
Radiocarbon dates associated with these components span a period of 7788-4089 cal yr B.P. 
Susitna Dune 1 C2 and Susitna Dune 4 C2 have low artifact and faunal density and lack of 
cultural features suggesting they represent early MH ephemeral task-specific sites occupied 
prior to the deposition of the Oshetna tephra. These early MH sites appear to represent 
continued use of the study area by small groups operating out of short-term hunting camps. 
Early MH occupation of the upper Susitna coincides with evidence for local paleosol and lake 
formation and a regional period of landscape stabilization and human occupation ~7600–8000 
cal yr B.P in the middle Susitna basin. These data suggest a pulse of human use of the Susitna 
basin uplands coinciding with regional landscape stability, increased moisture, and vegetation 
growth, and the two may be linked.  
Late MH components at Susitna River 3 C2 and Butte Creek 1 C1 have the highest lithic 
artifact and faunal density of any components in the study area, and also contain the most 
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substantial cultural features. Radiocarbon dates from cultural features constrain these 
occupations to 3984–4867 cal yr B.P. Diagnostic notched projectiles at Susitna River 3 C2 
indicate it is a Northern Archaic tradition site. Fire-cracked rock and dense concentrations of 
lithics and bone recovered from a large hearth feature suggest use as a residential base camp. 
At Butte Creek 1 C1 radiocarbon dates associated with cultural features span a period of ~200 
years, suggesting this location was revisited. Dense cultural features at Butte Creek 1 C1 with 
high frequencies of calcined and burned bones and possible anvil stone suggests intensive 
processing of bones for grease and marrow or possibly disposing bones in a fire; this may be 
related to a pattern of caribou-based subsistence and bone disposal in fires was noted for the 
MH period in the Talkeetna Mountains (Skeete 2008). The presence of at least two species of 
mammal in the faunal assemblage support the use of this site as a central location for 
subsistence activities and suggest the site operated as a residential base camp in the MH. The 
C2 lithic assemblage from West Fork Susitna 1 is sparse and lacks faunal material and cultural 
features suggesting use as a task-specific site in the MH. The presence of residential camps 
and a task-specific site suggests logistical land use from residental base camps located in the 
study area in the MH, and may represent full-time seasonal occupation of the study area. This 
marks a change in land use from previous periods, where logistical forays appear to have come 
from a residential base outside of the study area. 
Previous investigations in the upper Susitna basin reported increased artifact density 
and cultural features in a MH occupation at Butte Lake, representing longer term or continual 
use over time (Betts 1987; Wendt 2013). Dense surface artifact assemblages from the Ratekin 
site (including notched Northern Archaic projectile points) are interpreted to represent MH 
occupation of the site; this is supported by a radiocarbon date of 3745 ± 50 14C yr B.P. (3929–
4248 cal yr B.P. [AA-19324; Salix wood charcoal; δ13C=-25.5 ‰]) from a hearth feature at 
nearby Rockfall Pond (HEA-320) indicating human use of the landform in the late MH (Holmes, 
personal communication, 2013). These data suggest intensification of subsistence activities in 
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the upper Susitna during the MH period, especially between 4000–4900 cal yr B.P. Late MH 
intensive land use in the upper Susitna basin coincides with a notable period of regional 
landscape stability marked by cessation of dune building on the Susitna Dune, formation of a 
distinct regional paleosol, and emergence of modern vegetation patterns. Regional evidence for 
significant forest fires during this time does not appear to have impacted human use of the study 
area.  
Intensive use of the uplands in the MH has been reported throughout Alaska, thought to 
represent use of the uplands by seasonal aggregate hunting groups targeting caribou (Esdale 
2008; Potter 2008c). Previous research suggests that increased use of the uplands in the MH 
was motivated by the spread of dense boreal forests and peatlands through previously 
productive lowland landscapes pushing people out of the lowlands (Mason and Bigelow 2008). 
Data from this study supports a link between intensive subsistence activity and human use of 
the uplands in the middle Holocene. While the specific link between MH land-use patterns and 
ecological change needs to be further investigated, it is worth nothing that MH intensification in 
the upper Susitna lagged behind the establishment of modern vegetation patterns, including the 
spread of spruce trees throughout the lowlands and into the upper Susitna valley bottom.   
There are LH components at 14 sites in the study area (HEA–234, 235, 454, 455, 460, 
499, 500, 502, 506, 507, 508, 509, 510, and 511), representing a significant increase in the 
number of sites relative to previous periods. However, overall lithic and faunal artifact density 
decreases during the LH, and there are few significant cultural features at LH sites. The densest 
LH component is Alpine Creek 8 C1, an alpine residential base with evidence for quarrying 
activity. The remaining 13 LH components appear to represent task-specific sites. At Butte Lake 
there is evidence for a significant LH occupation, with a residential depression feature and 
intensive caribou bone-processing features suggesting use as a residential base (Betts 1987; 
Wendt 2013). The LH archaeological record represents continued use of the upper Susitna 
basin, but with a shift in the location of sites to diverse topographic locations (e.g., major and 
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minor promontories, alpine, dune) and less intensive subsistence activity (e.g., fewer faunal 
remains, hearths) at most locations, the exception being apparent intensification in the use of 
alpine and lakeside settings. 
The LH pattern of residential base camps and task-specific sites suggests a continuation 
of logistical land use patterns from residential base camps located in the study area. It appears 
that subsistence activities in the LH included intensively hunting caribou at lakeside residential 
camps like Butte Lake (as predicted in Potter 2008c) and alpine residential camps like Alpine 
Creek 8 instead of high overlook camps like Susitna River 3. Ethnographic and ethnohistoric 
data indicates that at the time of historic contact small family groups of western Ahtna 
Athabaskans targeted caribou in alpine and lakeside settings in the summer and early fall as 
part of their seasonal land-use system (Kari & Fall 2003; Kari 2008; Reckord 1983). The notable 
decrease in site density and increase in number of sites may reflect use of the study area by 
smaller family groups instead of the potentially larger groups present in the MH.  
 
How did tephra fall affect human use of the uplands? 
This study shows that Holocene volcanism resulted in deposition of three, and possibly four 
tephras in the upper Susitna basin. Tephra fall is considered a serious, but short-lived, human 
health hazard (Waythomas & Miller 2002). Tephra fall can have varying effects on upland 
ecosystems depending on the amount of tephra deposited, precipitation, and season of 
deposition (e.g., snow pack in winter versus spring green up) (Antos and Zobel 2005). While the 
specific effects of tephra fall are variable, it is clear that significant tephra fall can impact the life-
support capacity of an ecosystem, which in turn can impact human subsistence (Mulliken 2016; 
Sheets 2016).  
The upper Susitna basin was sparsely occupied during deposition of the unnamed 
tephra at Susitna dune and the Oshetna tephra. There is cultural material associated with a 
paleosol formed on the tephra suggesting human use of the study area shortly after deposition. 
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Given the relative thinness of this tephra deposit, it may not have significantly affected the 
ecology of the study area. The oldest component following deposition of the Oshetna tephra is 
Butte Lake C2 dating to 5325–6272 cal yr B.P. (Wendt 2013), and Susitna River 3 C2. These 
occupations are at least 1500 years after the deposition of the Oshetna tephra and may indicate 
a MH occupation hiatus, but this is difficult to discern because of the small site sample and 
limited human use of the study area prior to deposition of the Oshetna tephra. There are still 
many questions about the timing of Oshetna deposition and whether the Oshetna represents 
one or multiple tephra falls; these issues have implications for interpreting the effect of the 
Oshetna tephra on human activity (Blong 2016; Davies et al. 2016; Mulliken 2016). The 
Oshetna tephra does not appear to have had any long-term impacts on the ecology of the upper 
Susitna basin as the most intensive occupation of the study area occurred within 2500 years of 
Oshetna deposition.   
There appears to be an occupation hiatus following deposition of the Watana tephra—
the most significant tephra fall documented in the upper Susitna basin. Only one site, Susitna 
River C3, has evidence for occupation within 2000 years of Watana deposition, a marked 
change in land-use patterns given the seemingly intensive use of the study area just prior to 
deposition of the Watana tephra. A similar hiatus is described at Butte Lake between 1500–
3500 cal yr B.P. (Wendt 2013). Regionally, a post-Watana occupation hiatus is reported in the 
middle Susitna basin (Mulliken 2016), and lower Susitna basin west of the Talkeetna Mountains 
(Wygal and Goebel 2012). MH sites in the upper and middle Susitna basin are commonly 
associated with caribou remains; caribou commonly abandon an area if lichen—their primary 
food source—is impacted by tephra fall (Vanderhoek 2009:165; Mulliken 2016:141), providing a 
possible explanation for this hiatus. Degradation of caribou habitat and subsequent dispersal of 
caribou populations may have caused a corresponding change in human land use patterns in 
the upper Susitna basin. It is important to note, however, that there is evidence for cooler 
temperatures, denser spruce forest, and significant flooding in the study area during the 
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Neoglacial Period immediately following deposition of the Watana tephra, suggesting this was 
also a time of regional climactic instability and ecological change. It may be that the perceived 
occupation hiatus is linked to broader climate change in the Neoglacial Period.  
Detecting human response to the Devil tephra in the upper Susitna basin is difficult with 
the current data set. The period following Devil deposition is marked by the highest frequency of 
cultural components in the study area; however, none of these sites has been directly dated. A 
previously reported LH occupation at Butte Lake yielded ages of 0-675 cal yr B.P. (Wendt 
2013:63), suggesting use of the study area at least 1000 years after deposition of the Devil 
tephra. Research in the middle Susitna basin identified a possible short occupation hiatus 
following deposition of the Devil tephra (Mulliken 2016:142). It may be that the Devil tephra 
resulted in a short-term occupation hiatus in the upper Susitna; however, the relatively small 
volume of the Devil deposit suggests it had a minor environmental impact (Mulliken 2016:142). 
Historically, the upper Susitna basin has been a productive ecosystem occupied seasonally by 
the Nelchina caribou herd as well as numerous other large and small subsistence resources 
(Moffit 1912; Alaska Department of Fish and Game 2018). This suggests that we shouldn't 
expect long-term (~2000 years) ecosystem effects from comparable tephra fall in prehistory.  
The provisional occupation hiatuses reported here need to be investigated with finer-
grained paleoecological data as well as more robust archaeological radiocarbon data sets. 
Current models describing Holocene land-use patterns are necessarily coarse grained given 
their broad scope; however, this study finds that the suggested increase in upland land use in 
the MH and LH may not be persistent over this entire time period. Instead, there appear to be 
periods of occupation hiatus related to Holocene tephra fall that should provide interesting 
avenues for future landscape use research.   
 
CONCLUSIONS 
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The research contributes to our understanding of human land use in central Alaska 
through new AMS radiocarbon and relative tephrochronological dates on paleoecological, 
geomorphic, and archaeological events in the upper Susitna River basin, central Alaska Range. 
Geomorphological data from this study suggests that the last significant glacial ice sheet 
covering the upper Susitna receded by 13-14 ka. Initial occupation of the study area occurred in 
the early Holocene, some 2000–3000 years after the end of full glacial conditions, and likely 
consisted of short-term, task-specific camps occupied by highly mobile logistical parties. MH 
sites are characterized by denser artifact deposits and cultural features, suggesting 
intensification of upland subsistence activities and a shift towards full-time seasonal logistical 
use of the study area during this time. LH sites appear to represent continued full time logistical 
use of the study area, but with a shift in the location of subsistence activities likely related to 
changing land-use patterns. There is preliminary evidence for abandonment of the study area 
following the deposition of the Watana tephra, but it is still not clear if this is linked to ecological 
effects of this tephra or broader Neoglacial climate instability. The data presented here 
contributes to our developing understanding of the ecological conditions accompanying human 
settlement of the Alaska Range, and supports the spread of highly-mobile logistically-oriented 
groups throughout the Alaska Range in the EH, contradicting models suggesting residentially-
mobile settlement systems concentrated in the lowlands at this time. This study largely supports 
existing land-use models indicating a marked intensification of upland land use in the middle 
Holocene, but offers evidence that this pattern may have been interrupted by middle and late 
Holocene tephra fall. Broadly, this research achieves the goal of contributing new data from an 
understudied region that can be used to address questions about environmental change and 
human land use patterns.  
One important result of this study is the extension of the tephrochronology sequence 
documented in the middle Susitna basin into the upper Susitna Basin. Further study in the 
region may extend this sequence across the southern Alaska Range, providing an important 
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regional sequence that can be used to relatively date archaeological material. The effect of 
tephra fall on ecology and prehistoric people is an important research question given the 
frequency of tephra events in Alaska and around the world. Small-scale societies around the 
globe have been impacted by volcanic eruptions through prehistory. Understanding human 
response to punctuated environmental change can be complicated, as these events typically 
occur over short time scales, and archaeological and ecological records are temporally coarse 
grained (Riede 2016). This study adds to our understanding of how climate change and tephra 
fall affects human use of upland landscapes, but also highlights the need for fine-grained 
ecological data to better evaluate the effects of punctuated ecological change. It is necessary to 
carefully consider whether changes in the archaeological record are related to ecosystem 
disturbance from events like tephra fall, from broader climate change patterns, or from non-
environmental events. The effects of tephra fall on human occupation needs to be explored 
further through broad scale, comparative studies utilizing multiple archaeological and ecological 
datasets with robust chronological information to continue to investigate the link between 
volcanic and human behavior in central Alaska and the world (Riede 2016).  
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